Recent studies have drawn the attention to the link between Alcohol Use Disorder (AUD) and the presence of pain. Indeed, the correct management of pain in patients with a previous history of AUD has been reported to decrease the risk of relapse in alcohol drinking, suggesting that in this prone population, pain may increase the vulnerability to relapse. Previous data in male rats revealed that inflammatory pain desensitizes mu opioid receptors (MORs) in the ventral tegmental area (VTA) and increases intake of high doses of heroine. Due to the relevant role of MORs in alcohol effects, we hypothesize that pain may also alter alcohol reinforcing properties and therefore affect alcohol relapse in male rats. Our microdialysis studies show that the presence of inflammatory pain blunted the increase of extracellular dopamine levels in the Nucleus Accumbens induced by 1.5g/kg of ethanol (s.c.). Moreover, we also revealed that the administration of 52 nmol of ethanol into the VTA failed to induce place preference only in inflammatory pain-suffering animals, and a higher dose (70nmol) was necessary to reverse this effect. Finally, we evaluated the effect of inflammatory pain on the alcohol deprivation effect (ADE) in longterm ethanol-experienced male rats. After four cycles of free ethanol intake and abstinence periods, inflammatory pain induced ADE without affecting its magnitude. These intriguing data reveals the impact of pain on neurochemical and behavioral effects following alcohol administration but also underscore the necessity of finding an appropriate paradigm to determine the long-term behavioral consequences.
Introduction
Chronic pain is a significant contributor to the worldwide burden of disease, affecting up to 30% of the population in the United States [35] . Recent epidemiological studies reveal a possible link between the presence of pain and Alcohol Use Disorder (AUD) [1] . Patients with a history of AUD usually suffer from pain syndromes during withdrawal, being painful peripheral neuropathy one of the most common complications [7, 9] . Conversely, there is also evidence that the presence of pain may alter alcohol use patterns. In fact, treatmentseeking alcoholics have a highly prevalence of pain compared to the rest of the population [2, 36] and higher levels of pain correlate with higher risk of alcohol relapse [15] . This interplay between pain and addiction has been commonly reported for opioids [5, 21] and it has also been thoroughly investigated in preclinical studies.
There is evidence that pain causes alterations in the mesocorticolimbic system (MCLS), a key region in the modulation of affection, motivation and drug addiction [19, 32] . In particular, inflammatory pain desensitizes mu opioid receptors (MORs) in the MCLS, what reduces morphine-induced conditioned place preference (CPP) at regular doses [22, 25] and drives to the transition into a higher heroin dose consumption [14] . Many similarities between opioids and ethanol mechanism of action have been profoundly evidenced and it is well established that MORs play a critical role in ethanol action over the MCLS (see Nutt 2014 for review [23] ). Indeed, different behavioral approaches have described that blockade of local MORs in the ventral tegmental area (VTA) reduces or suppresses ethanol-induced reinforcing behaviors [11, 17, 27] . Therefore, if the presence of pain induces alterations in the function of the MORs located in the MCLS it could be possible that it also affects ethanol action over this dopaminergic pathway. As a consequence, pain may also, in some way, have an effect on ethanol reinforcing properties and relapse. To this extent, some preclinical research has recently shown an increase in voluntary ethanol consumption in pain-suffering male mice when compared to pain-free groups [4, 39] .
However, there is still a lack of preclinical data exploring the possible effect of pain on ethanol relapse related behaviors. Relapse constitutes a major obstacle for AUDs treatments, hence at most 50% of treated people do not achieve remission after long follow up periods [10] . Moreover, and as previously mentioned, clinical studies have shown that the correct management of the pain situation resulting in decreases in pain levels are associated with lower risk of alcohol relapse [15] . Therefore, it is worth to further investigate whether pain condition can constitute a risk factor to ethanol relapse and if so, which could be the contributing neural mechanisms. Although different behavior may be observed depending on the sex, based in previous data that have shown an effect in alcohol intake in males but not in females, we decided to perform our studies in male rats [39] . To this end, in the present study we evaluate inflammatory pain-induced changes in: 1) ethanol-evoked dopamine (DA) release in the nucleus accumbens (NAc); 2) contextinduced associations by analyzing intra-VTA ethanol induced place preference; and 3) ethanol-relapse by evaluating the appearance of the Alcohol Deprivation Effect (ADE) in long-term ethanol experienced rats.
Methods

I.
Rats [29] into the NAc (anteroposterior: +1.5 mm, mediolateral: ±1.6 mm and dorsoventral = -8.0 mm from bregma) [26] . For CPP experiments rats were implanted bilaterally with two 28-gauge guide cannulae aimed at 1.0 mm above the posterior VTA (anteroposterior: -6.0 mm, mediolateral: ±1.8 mm and dorsoventral: -7.9 mm). Both coordinates have been successfully used in previous studies in our laboratory [12, 13] .
Cannulae were angled toward the midline at 10º from the vertical. A stainless-steel stylet (33-gauge), extending 1.0 mm beyond the tip of the guide cannula, was put in place at the time of surgery and removed at the time of testing.
We selected the Complete Freund Adjuvant (CFA) model of inflammatory pain. CFA (Calbiochem) was diluted in the same volume of sterile saline before its subcutaneous injection of 0.1 ml in the plantar surface of the hindpaw [14] . The injection of saline or CFA in the hindpaw was performed at the same time of the surgery for the microdialysis experiments, four days after the cannulation surgery for the CPP experiments and two days before the re-introduction of ethanol for the ADE experiment.
III. Microdialysis
Forty-eight hours after the sterotaxical surgery animals belonging both to the pain (n=9) and pain-free (n=8) group were placed in Plexiglas bowls. A PE10 inlet tubing was attached to a 2. At the end of the microdialysis experiments, rats were sacrificed and the brains removed and rapidly frozen in dry ice; 40-μm-thick coronal slices of the NAc core were obtained using a cryostat and stained with a cresyl violet protocol to verify proper probe placement.
IV. Ethanol Conditioned Place Preference
The CPP test was performed in a non-biased two-compartment box connected by a removal barrier with an open door in the middle. The two compartments differed by the wall color: black and white vertical stripes (vertical compartment) and black and white horizontal stripes (horizontal compartment). Four days after recovery from surgery and two days prior to the "Pretest", rats received a subcutaneous administration in the hindpaw of 0.1 mL saline or 0.1 mL CFA. The next day animals were exposed to the CPP box for 5 min in order to habituate them to the apparatus. The day prior to the conditioning, animal natural preference for the compartments was tested during 15 min (Pretest). During At the end of the CPP experiments, rats were sacrificed and the brains removed and rapidly frozen in dry ice; 40-μm-thick coronal slices of the VTA were obtained using a cryostat and stained with a cresyl violet protocol to verify proper cannulae placement. This CPP procedure is summarized in Figure 2A .
V. Long-term ethanol non-operant self-administration
Before initiating the long-term voluntary ethanol drinking procedure, rats (n=20) were habituated to the animal room for two weeks. Next, animals were given continuous access to tap water and to 5 %, 10 %, and 20 % (v/v) ethanol solutions in their home cages. Every week animals were weighted; all drinking solutions renewed and changed the positions of the four bottles to avoid location preferences. After 8 weeks of continuous ethanol availability, the first 2-week deprivation period was introduced. Following, rats were given access to alcohol again and three more deprivation periods were performed in a random manner. The duration of these drinking and deprivation periods was irregular: 6 ± 2 weeks and 2 ± 1 weeks, respectively, in order to prevent behavioral adaptations [24] . The total amount of ethanol intake (g/Kg/day) was recorded during the whole experiment by weighing the bottles. Animals were randomly assigned to one of the two experimental groups. The baseline drinking for each group was considered as the average of the measurements of the three last days prior to the 4th abstinence period. During this last abstinence period and 48h before re-introduction of the ethanol solutions, rats received a subcutaneous administration in the hindpaw of 0.1 ml saline or 0.1 mL CFA. After the reintroduction of the ethanol solutions, the daily weighing routine was restored during the three post-abstinence days in order to assess the ADE.
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VI. Supervision of the Inflammatory pain model
With the objective to assess the level of inflammation induced by CFA injection we measured the dorso-ventral distance of the rats injected hindpaw and compared it to the contralateral hindpaw distance. This measurement was performed right before sacrifice in both, the microdialysis and the long-term non-operant self-administration experiments.
For the CPP experiment, we tested the mechanical nociception thresholds by using the Von Frey test before and after 2 and 9 days of intraplantar injections (after the pretest and test sessions). Following 20 min of habituation to the apparatus, nociception thresholds were measured by the manual application of five filaments (Aesthesio®) with a simplified up-down method, as described in Bonin 2014 [3] . Results were expressed by the mean of nociception threshold (in grams, g).
VII. Statistical methods
All data sets are expressed as Mean ±SEM. In all cases homogeneity of variance was tested and the significance level was always set at p < 0.05.
Microdialysis experiments
DA levels in the three dialysate samples defining the baseline conditions (expressed as fmol in 65 μl), were averaged to calculate baseline levels in each animal. Differences in baseline levels between groups (saline and CFA treated animals) were evaluated using the unpaired Student's t test.
DA levels were transformed to percentages of baseline for each individual rat and were statistically analyzed by a mixed two-way ANOVA for repeated measures, with group (saline or CFA injection) taken as the between-subjects factor and time as the withinsubjects factor. Significant interaction time x group was further analyzed by means of a Bonferroni correction for multiple comparisons. Significant effects of time were analyzed by one-way ANOVA with repeated measures per each group followed by Bonferroni multiplecomparisons test and post-injection values were compared to the last baseline measure (t=0 in Figure 1B) .
Areas under the curve (AUC) were calculated from 0 to 100 min (post-saline effect) and from 100 to 200 min (post-ethanol effect) for each rat from percentage data. AUCs were statistically analyzed by mixed two-way ANOVA with repeated measures with group as a between-subjects factor and treatment (saline and ethanol) as a within-subjects factor followed by Bonferroni corrections for multiple comparisons when interactions were found to be significant.
Conditioned place preference
For CPP experiments results are expressed in preference score, calculated as time spent in ethanol paired compartment during test minus time spent in the same compartment during pretest. Preference scores were analyzed using one-way ANOVA, followed by LSD test.
For the Von Frey test results are expressed as mechanical nociceptive threshold in grams.
Nociceptive thresholds were statistically analyzed by mixed two-way ANOVA with repeated measures with group (CFA or saline) as a between-subjects factor and time as a within-subjects factor followed by Bonferroni corrections for multiple comparisons.
Ethanol non-operant self-administration
Data were expressed as total amount of ethanol intake (g/Kg/day). Basal and either combined and individual measures of post-abstinence ethanol intake were statistically analyzed by mixed two-way ANOVA with repeated measures with group as a between-subjects factor and period (basal and post-abstinence) as a within-subjects factor followed by Bonferroni corrections for multiple comparisons when interactions were found to be significant. To further quantify this inflammatory pain-induced effect on the ethanol-evoked DA release, we calculated the AUC for the following 100 min after each administration in both pain and pain-free groups ( Figure 1C ). This parameter allowed us to compare the global response to ethanol on extracellular NAc DA levels. Mean AUC values were significantly different between saline and CFA-treated groups (two-way ANOVA for repeated measures, within-subjects interaction time x group F(1,15)= 6.384, p=0.023). The ethanolinduced total effect in the pain-free group was significantly higher than the total effect induced by the saline injection (Bonferroni correction for multiple comparisons, p=0.013),
Results
Effect
whereas no significant differences were found between saline and ethanol treatments in pain animals (Bonferroni correction for multiple comparisons, p=0.502).
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Only animals that showed correct placement of the microdialysis probe in the NAc are included in the analysis. Position of the active portion of the dialysis membrane can be inspected in Figure 1D . 
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Additionally, the results of the Von Frey test performed throughout the CPP experiment are represented in Figure 2C and confirmed that saline treated in the hind-paw animals maintained the mechanical nociceptive threshold as the one measured in the baseline session. On the contrary, animals that received CFA in the hindpaw showed a significant decrease in the mechanical nociceptive threshold that was maintained until the performance of the CPP test session (two-way ANOVA for repeated measures, withinsubjects interaction time x group F(2,44)=16.299, p<0.001; Bonferroni correction for multiple comparisons, differences between groups: pD2<0.001 and pD9<0.001, differences from baseline, saline: pD2=1.000 and pD9=1.000, CFA: pD2<0.001 and pD9<0.001).
Only animals that showed correct placement of the cannula in the VTA were included in the analysis. Position of the cannulae tip can be inspected in Figure 2D . 
Effect of inflammatory pain on ADE
The effect of inflammatory pain on ethanol relapse was studied by selecting a non-operant self-administration paradigm in which periods of continuous access to 4 different bottles (water and 5%, 10% and 20% (v/v) ethanol) were alternate with forced abstinence periods (access to water) ( Figure 3A) . During the last abstinence period and forty-eight hours before ethanol reintroduction, animals were injected with saline or CFA in the hindpaw and ADE was analyzed by measuring the average of ethanol consumption during the three days after reintroduction ( Figure 3A) . After the reintroduction of alcohol solutions both pain and pain-free groups showed an increase in alcohol consumption compared to basal (calculated as average of the last 3 days before the abstinence), indicating the occurrence of ADE and no significant differences were found between groups (two-way ANOVA for repeated measures, within subjects effect of time F (1, 18) =45.599, p<0.001; interaction time
x group F(1,18)=0.536, p=0.474) . Therefore, Bonferroni correction for multiple comparisons showed significant difference between basal and post-abstinence ethanol consumption for both groups (psaline<0.001, pCFA=0.001). We also analyzed the individual ethanol intake for each of the three post-abstinence days ( Figure 3B ) and there was an increase after ethanol reintroduction in pain and pain-free groups, with no significant differences between groups (two-way ANOVA for repeated measures, within subjects effect of time F(3,54)=15.268, p<0.001; interaction time x group F(3,54)=0.306, p=0.821). Concretely, in pain-free animals, total ethanol intake was significantly higher in the 3 post-abstinence days compared to baseline (Bonferroni correction for multiple comparisons, pday1=0.001, pday2=0.019, pday3=0.026), whereas in pain group there were only significant differences between total ethanol intake in the first post-abstinence day compared to baseline (Bonferroni correction for multiple comparisons, pday1=0.001, pday2=0.061, pday3=1.000) (see Figure 3C ). 
Discussion
In this paper, we present evidence supporting that both, ethanol-evoked neurochemical responses and dopamine-dependent behaviors, such as CPP, are altered in male painsuffering animals, so that higher ethanol doses are needed to elicit similar effects to those observed in male pain-free rats. We also show that inflammatory pain, however, did not alter the size of ethanol relapse measured as the magnitude of ADE in long term ethanolexperienced male rats.
An association between pain condition, AUD and higher risk of relapse has been previously reported in the clinical literature [2, 15, 36] . In the preclinical setting, previous studies have showed that inflammatory pain is able to induce a loss of MORs function that results in alterations of these receptors regulation of the mesolimbic DA transmission.
Inflammatory pain results in the intake of higher doses of heroin and promotes opioid dose escalation on a rat intravenous self-administration model [14] . Here, we provide further evidence on the effects that inflammatory pain exerts on DA mesolimbic responses evoked by drugs of abuse, in particular by another widely used drug: alcohol.
Pain and drug addiction share common neural circuits [1, 9] . It has already been reported that brain pathways that mediate addiction and affection are altered by the presence of pain [5, 18, 21] . Opioid receptors, mainly MORs, located in the MCLS, are thought to mediate the reinforcing properties not only of opioids but also of ethanol, via regulation of DA extracellular levels within the NAc [6, 37] . Previous research showed that heroinevoked DA release in the NAc is blunted in rats under inflammatory pain condition, what drives to higher heroin dose consumption [14] . Similarly, in our experiment, the administration of ethanol did not provoke a significant increase in NAc DA levels in CFAtreated animals ( Figures 1B and 1C ). This finding further supports the fact that inflammatory pain alters the neurochemical response of the MCLS elicited by drugs.
Curiously, the heroin-evoked increases of DA release described by Hipolito 2015 started 15 min after heroin administration and differences between pain-free and CFA-treated groups were found 30 and 45 min after this administration. According to our results, ethanol-evoked increases and differences between groups also appear later on time. In addition, the global effect elicited by ethanol in pain-free group was significantly higher than the saline-induced total effect. On the contrary, saline and ethanol-induced total effect were not statistically different in CFA-treated animals ( Figure 1C ), confirming that our results are derived from the drug pharmacological properties. Although the specific mechanism remains to be elucidated, our microdialysis results clearly show that inflammatory pain impairs ethanol-evoked DA release in the NAc, which may have an effect on the reinforcing properties of this drug.
It is classically accepted that drug-reward related behaviors (such as CPP) [30, 38] are mediated by DA transmission within the NAc. Consequently, altered neurochemical function in MCLS can be translated into abnormal changes in these behaviors. Previous studies have reported that the presence of pain suppresses the preference for opioidassociated environments [22, 25, 31] . Again, our present results show that local administration of 52 nmol of ethanol intra-VTA is able to induce preference for the ethanol-paired compartment only in pain-free animals ( Figure 2B ). Very interestingly, we also show that a higher ethanol dose of 70 nmol is able to reverse this pain-induced blockade of ethanol place preference ( Figure 2B 
2015.
In that study, higher doses of heroin were necessary both to increase DA levels in the NAc and to elicit heroin self-administration in CFA-treated rats [14] . All in all, our results show that inflammatory pain alters ethanol reinforcing action on the MCLS which may have consequences in alcohol consumption patterns in male rats.
Lastly, we decided to study whether this previous reported alteration in ethanol-evoked neurochemical responses and dopamine-dependent behaviors induced by inflammatory pain could have an effect on AUDs related behaviors. Pain condition frequently elicits negative affective states driving to alterations in reward evaluation, decision making and motivation [1, 34] . This pain induced-affective state has been reported to be mediated via the kappa opioid system [18] . AUD is also characterized by the abnormal persistence of negative affective states during withdrawal, that can promote drug seeking and relapse, probably through the dynorphin-kappa opioid system [8] . Thereupon, and given the recent epidemiological data showing that higher levels of pain correlate with a higher risk of alcohol relapse [15] , we chose an alcohol relapse behavioral approach to further investigate this connection between pain and relapse. We selected a long-term nonoperant self-administration paradigm that has been widely employed for the study of alcohol relapse-like behaviors in rodents by our and other groups and that provides predicted validity [20, 24, 33] . As expected, our results indicate that alcohol-deprived male rats under inflammatory pain developed ADE after alcohol reintroduction. The magnitude of the ADE did not change relative to pain-free animals. However, changes in the magnitude of the ADE are not representative of changes in alcohol relapse vulnerability.
The ADE is defined as an increase in total ethanol intake that occurs during the first days after an abstinence period. It is true that numerous preclinical studies have used this paradigm to test different pharmacological strategies aimed to suppress or reduce ethanol relapse but, to our knowledge, it has never been used to show an increase of the risk of relapse [20, 24] . Indeed, it is possible that pain does not induce an even higher ethanol intake but increases the vulnerability of relapse. In this case, in spite of differences in consumption, it would be plausible to expect higher rates of relapse in pain suffering animals. Therefore, further behavioral studies that allow to investigate alcohol drinking behavior in the face of vulnerability to relapse are needed and would shed more light in this aspect.
It also is important to note that pain-induced changes may differently affect addictive behaviors depending on the different stages of the AUD. In fact, previous studies using an intermittent two-bottle choice paradigm show that pain induction prior to alcohol exposure significantly increases total intake in male mice [4, 39] and it may be plausible that pain increases alcohol intake during acquisition without modifying the magnitude of ADE. On the other hand, we have only tested male rats based in the previous data reported [4, 39] and, it could be plausible that relapse-like behavior may be expressed differentially depending on the sex. In any case, our data highlight the necessity of finding the appropriate animal model that reflects the existing clinical evidence and allows us to study the alcohol-related behavioral implication of pain-induced alterations of the MCLS.
Moreover, the present research provides relevant data as it analyses, for the first time, the effect of inflammatory pain on alcohol relapse in animal models and therefore constitutes an important contribution to the study of pain and AUD.
Altogether, our results reveal that the presence of inflammatory pain alters the response of the mesocorticolimbic dopaminergic pathway to alcohol. In fact, neurochemical and behavioral approaches point to the presence of inflammatory pain as a relevant factor in the neurobiological effects of alcohol and in alcohol addiction. The above-reported changes, however, did not allow us to model the observed increase vulnerability to relapse of pain patients in the clinical set up. These data further support the impact of pain on the reinforcing mechanisms following alcohol administration and also underscore the necessity and importance of finding an appropriate animal paradigm to determine the neural mechanisms underlying the drug-related behavioral consequences derived from pain.
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